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Purpose: Severity of radiographic knee osteoarthritis is currently
evaluated using a variety of methods. The comparable short and medium
term reproducibility of many of these methods has not been evaluated
within a single cohort. This study aims to provide a comparison
of reproducibility between four commonly used radiographic scoring
methods.
Methods: We used 25 digitized plain-ﬁlm and 25 digital AP fully-
extended weight-bearing knee radiographs from the Chingford cohort
with a range of K&L grades, subject age, and BMI. Four scoring methods
were used to grade all radiographs: Kellgren and Lawrence (K&L); OARSI
Atlas; Line Drawing Atlas; and the Chingford Study Atlas. Radiographic
features (osteophytes, joint space, etc.) were evaluated individually
as speciﬁed by each method in each tibio-femoral compartment.
For training, a single grader (KL) read 10 radiographs twice, with
discrepancies and grading issues addressed by a panel of more
experienced graders. All 50 blinded radiographs were then read three
times after an interval of one and 10 days. Linear weighted kappas with
standard errors were calculated for all scoring methods in order to assess
short-term and medium-term reproducibility.
Results: The tables gives weighted kappas for the short and medium-
term reproducibility for all four scoring methods. Most features had good
short-term reproducibility, with the majority having kappas above 0.7.
Most osteophyte and joint space narrowing (JSN) grades had very high
kappas except for medial femoral osteophytes in both the OARSI and
Line Drawing atlases. The Chingford atlas did not have a comparable
category as osteophytes are grouped by compartment only. The features
with the lowest kappas included those with binary categories such as
sclerosis and tibial spiking. Readings after 10 days showed a similar level
of reproducibility with kappas ranging from 0.49 to 0.89.
Table 1. Short and medium term reproducibility – K&L and OARSI
Method Individual features Reproducibility (Kappa and standard error)
Short term Medium term
K&L Whole Knee 0.84 (0.09) 0.79 (0.09)
Medial compartment 0.79 (0.09) 0.72 (0.09)
Lateral compartment 0.71 (0.10) 0.61 (0.09)
OARSI Medial femoral osteophyte 0.56 (0.10) 0.66 (0.10)
Lateral femoral osteophyte 0.84 (0.11) 0.89 (0.11)
Medial tibial osteophyte 0.77 (0.11) 0.65 (0.11)
Lateral tibial osteophyte 0.74 (0.11) 0.72 (0.10)
Medial JSN 0.79 (0.11) 0.63 (0.10)
Lateral JSN 0.95 (0.11) 0.86 (0.11)
Medial sclerosis 0.50 (0.13) 0.53 (0.13)
Lateral sclerosis 0.69 (0.14) 0.62 (0.14)
Table 2. Short and medium term reproducibility – Line Drawing and
Chingford
Method Individual features Reproducibility (Kappa and standard error)
Short term Medium term
Line Drawing Medial femoral osteophyte 0.55 (0.10) 0.71 (0.11)
Lateral femoral osteophyte 0.84 (0.11) 0.79 (0.11)
Medial tibial osteophyte 0.79 (0.10) 0.70 (0.10)
Lateral tibial osteophyte 0.78 (0.10) 0.75 (0.10)
Medial JSN 0.73 (0.08) 0.76 (0.08)
Lateral JSN 0.67 (0.08) 0.76 (0.08)
Chingford Medial tibiofemoral osteophyte 0.79 (0.10) 0.66 (0.11)
Lateral tibiofemoral osteophyte 0.81 (0.10) 0.72 (0.10)
Medial JSN 0.88 (0.11) 0.78 (0.11)
Lateral JSN 0.95 (0.11) 0.86 (0.11)
Tibial spine spiking 0.43 (0.13) 0.50 (0.13)
Medial sclerosis 0.50 (0.13) 0.53 (0.13)
Lateral sclerosis 0.56 (0.14) 0.49 (0.14)
Conclusions: All four scoring methods generally show high levels of
both short-term and medium-term reproducibility. Scoring methods that
group more than one compartment (such as K&L) or more than one
bone (such as the Chingford atlas) into a single grade were expected
to show higher levels of reproducibility, however all methods in this
study show similar levels of reproducibility. These results demonstrate
that using methods which break down scores into individual features
and compartments (OARSI, Chingford and Line Drawing) and have larger
scales (Line Drawing) does not necessarily reduce the reliability of the
measurements.
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Purpose: It is very important to visualize the articular cartilage in
diagnosing OA (osteoarthritis). In general, the cartilage evaluation is
performed by signal intensity, signal contrast and T2 values based
on a single echo MR images or the multi-echo MR images. However,
the cartilage segmentation results only based on T2 value may not
be suitable for diagnosis of OA (Fig.1 (a)). This paper proposes a new
cartilage segmentation method using spectral feature matching in the
multi-echo MR Images for early diagnosis of OA. The VTK (Visualization
ToolKit) based 3D visualization tool developed for displaying the detected
cartilage volume.
Methods: In our study using the multi-echo MR images, the different
tissues show different multi-echo patterns called as spectral features.
The spectral features include more information than the single-echo MR
image because they accumulate information over echo time. This paper
develops a new spectral feature matching algorithm, Normalized Spectral
Angle Mapper (NSAM) for segmenting the tissues in the multi-echo
MR images. In the hyperspectral imaging ﬁeld, the Euclidean distance
(ED) and Spectral angle mapper (SAM) method are proposed. However,
the ED method just considers the magnitude of vector and the SAM
consider the angle between two vectors only. In this study, the proposed
NSAM method considers the similarity of the angle and the magnitude
simultaneously. The bone areas segmented by active contour model
(ACM) based semi-automatically method, and then create the 2D bone
cartilage interface (BCI) using 3D gradient information. Finally, combine
the NSAM and BCI to get the cartilage information.
Results: Our new experimental method demonstrates that the contour
of articular cartilage and the boundary between articular cartilage
and meniscus more effectively (Fig. 1). 3D volume images (Fig. 2)
are reconstructed 3D images from the multi-echo pattern based
segmentation algorithm. Fig. 2 shows the VTK based 3D visualization tool
for displaying the detected cartilage information. The 3D visualization
tool can shows both 3D morphologic information and T2 values of
articular cartilage at the same time, which could be used for the early
diagnosis of OA.
Conclusions: The proposed cartilage segmentation method is based
on the NSAM and 2D BCI. Therefore, the cartilage can be segmented
efﬁciently because the multi-echo patterns include the much information
and the 2D BCI give additional location information. Nevertheless, the
segmented cartilage still contains the misclassiﬁcation because the noises
like the arrow in the Fig. 2. Future studies will consider the noise
removing method for accuracy segmentation method.
Fig. 1. Comparison between (a) T2 value based and (b) multi-echo based
segmentation.
